Bukit Jaddih karst in Bangkalan, Madura, is an ex-limestone mining location managed partially by individuals or community groups as tourism area. This study aims to develop sustainable strategies for Bukit Jaddih karst resources and ecotourism. Data were obtained from questionnaires given to 30 respondents consisting of visitors, miners, traders, society, and policymaker then being analyzed for the strategy on the development of tourism object. SWOT strategy
INTRODUCTION *
Karst is topographically formed from a mixture of dissolved rocks, such as lime, dolomite, and gypsum, characterized by an underground river system of water in the soil with holes and caves [1, 2] . Karst is very important as a source of clean water in the area, especially on the dry season [3] . Karst and cave are very valuable natural resources, becoming the habitat of a wide variety of ecological niche. In addition, many types of plants and animals, including endemic species, are found in the karst area. Karst also becomes a unique microbial habitat [4] . However, karst areas are threatened by human activities, mainly by farming and agricultural practices, fire, mining, urbanization, housing and infrastructure development, drilling and piping, material transport, and vegetation removal [5, 6] .
The management of Karst as a tourism area has long been started in several countries. The Anina Karst complex, which is a former mine in Romania, has turned into an exploratory tour that supports the socio-economic progress of the surrounding community [7] . In addition, the Kabar area of Puerto Rico is being developed into an ecotourism that promotes social, economic, and educational growth on the importance of karst in human life [8] .
Bukit Jaddih karst in Bangkalan, Madura, is a former limestone area included in the Jaddih Karst area. Bukit Jaddih is one of the ancient karst formation in Indonesia, apart from other Karst Areas, such as Mount Lawu which consists of Gunung Kidul (Jogja), Wonogiri, Pacitan [9, 10] , and Maros, South Sulawesi [11] . Unfortunately, with a variety of ancient geomorphic shapes, Bukit Jaddih karst is minimally protected as a nature reserve area. There is no protection against mining activities, and threatens the role of Bukit Jaddih karst as a conservation support of the area and the source of clean water.
Tourism is the best option for avoiding conflicts of interest, preserving the natural environment, and at the same time enhancing the social and economic values of society [12, 13, 14] . Therefore, recent mining activities have shifted to tourism. However, this new activity faces many challenges, such as the lack of structured management, the impact of mass tourism, and human activity on the sustainability of Karst's tourism and environment. This study
Data Collection
Data were obtained from questionnaires given to 30 respondents consisting of visitors, miners, traders, society, and policy maker. The study was conducted on October 2017. Observations are also based on visible physical conditions and existing activities. The questionnaire is used as a representation of perceptions on Bukit Jaddih karst tourism, i.e. 1) strength (uniqueness, security, cleanliness, road conditions, distance, accommodation access, and cellular network), 2) weakness (noise, service, lack of accommodation and information), 3) Opportunities (potential employment, national tourism development, the rare of karst destination, Bukit Jaddih karst strategic positions, interesting sights on access roads), 4) threats (regulation, partial management, lack of investor, lack of tourism impact analysis, and unintegrated tariff).
Analysis
The results of the observations were analyzed descriptively. Then being analyzed for the strategy on the development of tourism object. Strategy development using SWOT analysis [12] . Some aspects of SWOT include aspects of strength (S), weakness (W), opportunity (O) and threat (T), where all four are related to each other. Through these links, there will be some basic development strategies or concepts that can be used in ecotourism development of Bukit Jaddih karst, Bangkalan Madura both physical and non-physical. The determination of the basic concept of development is based on the SWOT analysis by assessing (weighting) using IFAS analysis (Internal Factor Analysis Summary)-EFAS (External Factor Analysis Summary) [12] . IFAS-EFAS was used for determining the regional development strategy, and then the assessment (weighting) which is presented in the form of quadrant will determine the next development strategy. Assessment is done on every aspect of the SWOT by assigning a weight 0.00 to 1.00, which if the respective factors (internal/external) aspects is added, will get the weights 1. After weighting, score are given in a rating where the rating indicates the level of importance (1= unimportant; 2=rather important; 3=important; 4=very important) of each aspect [12] . Then, the weighted value is multiplied by a determined rating. The sum of each factor (internal/external) is then being summed to create the SWOT quadrant in determining the development strategy.
RESULT AND DISCUSSION
Bukit Jaddih karst provides some observational tourism activities. The mining damage on Bukit Jaddih karst has been covered by beautiful, artificial and natural forms of fragments. The ex-sawmills form flat surface cliff, while digging process leave some artificial caves that are used for stalls (Fig.2) .
Visitors do selfie to take their picture with a unique karst background. The color of white karst seemed to glow with the sunlight. Each spot has a creative name board and colorful background.
There are some raftsfor exploring Gua Pote spring. Visitors can enjoy the view from the raft by paying IDR 5000, -(about USD 0.36) for each trip. It takes about 2 hours to explore all of Bukit Jaddih karst area.
The IFAS analysis shows Bukit Jaddih karst has some dominant weight (0.09) which consisted of uniqueness, safety, cleanliness, food access to food-stalls, and cellular networks covering tourism areas. However, tourist services in Bukit Jaddih karst is not good enough. This is illustrated by its weight dominance of 0.10 ( Table  1) . Less integrated service in Bukit Jaddih karst is the main cause of this fact.
The result of EFAS analysis shows that Bukit Jaddih karst can provide employment opportunities for the surrounding community, which is indicated by the factor weights that dominate among other factors (0.12). The public revealed that the opening of Bukit Jaddih karst as tourism area promised better economic income. However, the absence of regulations supporting tourism activities poses the highest threat in Bukit Jaddih karst (0.11) as mentioned in Table 2 . Based on the calculations with IFAS and EFAS, we can determine the value of X and Y. X is the value of the difference between Strength (1.84) and Weakness (1.27), i.e. 0.57. Y represents the difference between Opportunity (1.71) and Threat (1.62), i.e. 0.09. Then, we determined the position of Bukit Jaddih karst's tourism in the IFAS-EFAS strategy quadrant (Fig.3) .
Based on the IFAS-EFAS strategy quadrant, the development of Bukit Jaddih karst is located in quadrant I of space B. Thus the strategy used in ecotourism development is the stable growth strategy; the development strategy of the object, which is in a huge opportunity situation to be developed according to the strengths.
The uniqueness of Bukit Jaddih karst is perceived by respondents as the main attraction that bring tourists to visit. Natural charms such as the unique landscape on Bukit Jaddih karst, become the driving motivation for nature-based tourism [13, 14] . In addition, security, cleanliness, the existence of food and beverage shops in the tourism area into internal strength owned by Bukit Jaddih karst. These three factors arise due to the desire and participation of the community in managing the Bukit Jaddih karst tourism sector partially. Therefore, security, cleanliness, and access to the consumption of tourists need to be guaranteed. Safety and hygiene are supporting the establishment of sustainable tourism [15, 16] . Its location where is not too far from other public center indicated by existence of cellular network which can be easily accessed by tourists at Bukit Jaddih karst. Several tourism areas along with various information and promotion facilities that are managed organically or privately, require fast and growing mobile network access [16, 17] .
The existence of the desire groups and individuals who provide a tourism service, tend to impact on poor competition and weaken the object of tourism [14] .One of the impact is the transition or multi-profession that they run, ranging from parking service providers, area service providers, sales of local merchandise, food and beverages that are managed individually or in small groups. The opening of tourism sites has always been a source of business and trade development potential. This activity is a response to the opportunities that appeared [18] .
Regulation becomes the basis of a tourism site to continue to grow and is a very big support from the government. Regulation can be a limitation of tourism development to remain in the principles of sustainability, avoid unhealthy competition, become a means of educating people and tourists, and become a pathway for sustainable tourism development [19] .
The strategy used is to minimize internal problems to bring up some of the great opportunities [20] . The strategy of the Matrix analysis supports an aggressive growth policy (Growth Oriented Strategy), which is using the Strength Opportunities (SO) strategy and is applied based on the utilization of the opportunities of Bukit Jaddih karst ecotourism. The compiled strategies are a representation of the wish that Bukit Jaddih karst be a form of sustainable ecotourism supported by community empowerment, environmental sustainability, and economic welfare.
Based on quadrant analysis, the development strategy can be arranged in a SWOT (Strength, Weakness, Opportunities and Threats) matrix. The strategies developed are: (1) Promotion through prints, TV, radio and social media to expand market share and increase the number of visits, (2) Developing diversified tourism attraction, (3) Mapping of tourism potential in Bangkalan Regency for the development of other types of tourism, (4) Establishment of Tourism Awareness Group (Pokdarwis) to assist the management of trade activity in Bukit Jaddih karst tourism area, (5) Training for local community as guide, so it is expected to increase income, (6) The establishment of SurabayaMadura tourism package, covering several Bangkalan tourism destinations that are professionally packed, (7) Establishment of regulations that regulate the cleanliness, security, and comfort of tourists.
Information media became one of the main supporting pillars of the establishment of sustainable tourism. Advances in information, such as the internet and mobile phone networks can make it easier for travelers to visit and receive accommodation services directly [17] . Diversification of attraction allows visitors to be more satisfied and experience a unique, educated, and well organized tourism atmosphere [14] . In addition, Bukit Jaddih karst should be supported by the strengthening of human resources, where in a sustainable ecotourism, local communities are expected to be heavily involved. External factor support strategy, in this case local government, is expected to be regulation, training, and mentoring. The government's attention will accelerate ecotourism development and maximize the role of local communities [19, 21] .
